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ABSTRACT: 

PROBLEM TO BE SOLVED: To prevent threshold voltage variations of an 
amplifying transistor provided per pixel from becoming a substantially 
fixed 

pattern noise by preventing the output voltage of a pixel from containing 
the 

threshold voltage of the amplifying transistor within the pixel in a voltage 
output amplifying type solid image pickup device. 

SOLUTION: Two reset transistors 7 and 8 are provided within a pixel 10. 
At 
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the time of reset, the transistors 7 and 8 and a shutter transistor 2 are 
turned on, thereby causing a constant current Iref from a constant current 
source 6 to flow to an amplifying transistor 3 and the transistor 8 and 
applying a voltage, which is the sum of a predetermined constant voltage 
Vref 

and a threshold voltage Vth of the transistor 3, as a reset voltage to a 
light-receiving section 1. After the light reception, the transistor 2 is 
turned on, thereby causing a gate capacitor of the transistor 3 to hold the 
voltage (Vref + Vth + 
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97, SiWitfh. y-fcvM*. V^YYvVl/X? 
7. 8HXX/>^y9hyy : JX92i:^y(iZL. 
aa6*»&tf>5£*Sl refZ)mh7> : JX9 3i5£ 
Xf*)^ yYY3y ; JX9S\ l Z^LX. 0r^$IEVr 
e f i; Jgdh 5 y i^X? 3£0Hffi«EV t h i:<0fP£0m 
E5r U -fc v MtE t LT »K» 1 KBttn-r £ . 

10lff(Vref+Vth+AV) (AVligftfcJ: 

ytc LT . a*SW«3t» 1 ««BE*»feBJe«E v t h 

immwt\fzn& (vref+ivj ami o<o 

tlJWEfiEVouttLTJRDtlrt-. 
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m . u -t •/ hmffit lx . **«*rto±i2g*aK: 

[ is&a 2 1 mm. i ^BfMMamc t$v ^x . 
wx9<rxf- v tcofsiizmmy- y twos* v?y 

[0001] 
[0002] 

[t^fecosffi] mmm.^ *~is-tyv%t'izm^t> 
timvmm^FtLxti. ccD^^^t'. 

«-Sco i> (Dtf^l £>ixT \ *4 *\ ftiS „ C M o smom 
[00 0 3] mm. JMl rggvonf^x. 

199 7^7fl^ ^12 0-1 2 5K. ««KHi<t& 

Mosmmm&m? ^ ta, mi 2 4HO08 ( c > 

5 iz^-fX 3 &c MO SM»EMWi^^<7)Bsg*Sjt*5 
[0004] fcfc'U 05TfcL ^tiKl«5D7* h ■ 7"'- 

T» MOSh^yyx^cofe-srejSU $Mi<?miR® 
m>o*>c»±_m<?>Yyyi;x?iz. m^m=Fttxm& 

-?h<r>x\ m&Yyyi/x? fcLT^U SiRls]S8?>3 
WFWT^yjy'X^fclL X^f yf-y^^i: LXm 

itSOT, x^r yf-yrh^y^x^fcLT^L. x 

[0005] i to-3sg<i. m%m&v P o o *t 
iaw-6. m%m&v P otLxii. mmmm^h 

c\ttf%>\\ %micr>. tH^j€Ev p dtmhtihfc 
m±. ^y^Yyyi^X9 2^LX.mmyy'>' 
X93<r>?-Yi,zmkth. 
[0006] §7ta5 1 X'\i. SBtatciB tfc«J*S£EV 
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[0007] *i/c. tMUh^yi-'x^tiy-xtfo 

*7i:LTffl<c7)T% nW>Yyyi'X?3<r>V~xm&. 

tt. y-hmE*>^i|gh7y^x^3<?)y-h • y- 
xiawTOmEvthfcui^ivvfcmfL v P d-vt 
htSrO. .r?>y-xmJE#\ x4 -yf-y^h^yv'x 

?4£1>LT. Hifil 0«oaj^ r F{C^JiJ$n&„ 
10 [0008] LKtf^X. XA v+yfYyy-JXJA 

cob?fr%*ynEi>mmixif. mmi ocd&jjwk 

Voutli, 

Vout=Vpd-Vth --(1) 
[0009] yA"y?h7yy'X?2Mi;x^7fy 

yYyyitx? 4£*y2-tM><rfc£J:6. tttfjmffiv 

o u tam^Ui. HKtCXYVM) y?X#C0X* 
[00 10] V-t ?YYyyiSX?5li. %%MllzW 

20 «$^utfi^mw^^jawt:sfaiLT. g^fpifoaj^ 

mEVpd^^metc'J-fe y h«fc»«fc<0T. - 

owcul m%m&.tLxw8mEtvDDAm^t,ti 

& 1 cOUJ^mEV p d fcilfliQg h 5 y y'X ^ 3(0^- 

h«E^Bif««fi. zcmx'immm&vDmzy-t-y 
[ooii] zwm&mmm^wftmi. m i jms 

b7y>-'X^3T-iai|gL^fi^$:^ttJ-r<0T\ a®S 

ni)iJ : #)l/10X'hZ>. Ig3t. SWSrCMOST 
o-feX^ffifflL. CCD@«cgm*^c7)J:3t#fflTo 
-feX£i£gfc L^r^WT\ fi3XhT'J>&CfcT*fc&. 
[ 0 0 1 2 ] g54£. yyyj±T7-tXtf*im%Z tX' 

t>&. z nmimmm^xii. s« i c^m o as 
am i o *^aj^mEv out sr^aj t 

40 ot. -IMLtMM^rfcft. HMSrMKT't 

yyMzT7±x LXWi?i-\&?Z bit?* h . 
[00 13]955£. Cl<7)ls!*{?yc7)J:dtc^^y^h7 

yy'x^ (ffi&y-Y) 2imfz&&&&. isx v? 
#fffl*^tt.$-£Z>ztwx'Zlz:tX'hZ>. -tKfr-h. 
is* y9Yyy"Jx9 2 im£e>*4 5 y7x®m%. 

*yZit&ZUz£r,X. §3^1(7)3^€^5:. ti«B 
h7y^'X^3c7)7-'-N§fl;(cS«L. «^fLTtJ<^ 

btfX-$. ±Mio*y£fWl<7>?4 syyzwwttui. 
50 v^-/^B$ia^i.SC:fc* i T'#l». 
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[0014] LfrLtc&h. zvmmmwmm^ 
mmi o^ai^mEvo u t ^ ( i > x-mti 
sidtcvpd-vthfc^o. mmi ocoaj^mEv 
outc m<mh 3«afflmffiv t -e 

f>ttStlSf5T. H5H1 O^tti^^BEVou t£. 

taxm^t LTJRotu^^-tJi. a*i ort 
h5yyxj'3 <mmnKv t h otf *\ 
*c?>£&m&*?-yyjx (fpn) k%z>x&tft> 

[00 1 5] L*»&. Mosh^y^x^coaifffv 10 
thli. *^rtO(ff>o#*^<. HS6%CMO 
STn-bXtll ffrt<0tf^#10mVp p£l 
ifcfcfc^fcfc^v*. ^5ri>*>. tsf*coc MOSSES 
ttfiWaffTra. i^-yy^fX*: lomvp P m 
±fc3r£^fci>£W iSB»£*#&fc:<±. W£'*9-> 
y>fX{il~2mV PP gSUlT*^tV^T\ t£* 
cOCMOS^cO@f*cil®*^T\ BHil OcOtB^mffiV 

ffiBftt&6|SJSei#J>&. 

[oo 1 6] zzx\ zcr>£o%wmz't<7>mmh7> 20 

[00 1 7] fiflctoK. 1M2 r I EEE JOURN 
AL OF SOLID-STATE CIRCUIT 
S. VOL. 32, NO. 2. FEBRUARY 19 
97. PP187-197 fCMOS Active 
Pixel Image Sensors for H 
ighly Integrated ImagingS 
ystemsj j|:llgl90I<7a3(a)(:rc 30 
MOS APS unit cell and cro 
wb ar c i r c u i t j fc LT\ El 6 J; 33: 

[00 18] B*l 0{±. H5K*Lfc^K 
l^-rttfcPtT'S)^. fcfc'U H6T'(±. ^2^* 
r>-'-bPG£gftgnfcU <IE*y-rTX£^-y 
9hyy'JX9 2tL. H*rtV-X*oVMI N^li 
<Bh5y^^3fcL. ^JMiRr^^X^MX*^ 

RJ'J-b7hh7yyX^5m. B^ 40 

l OOfcWimffitti. BSti o rfc<?)tM<gh 5 ? 

[0019] $M2crmtm®.mi L it. mt% 

jm.<F>2m. B*l 0*^ti5^«flE5:^ajL. m%co 

^jE^m^m&ktxm.'oiiii-zbizx^x. mm 
W±v t h £ -v v^tvth i>(?rcfoh. 

[0020] :«2*)@«*ft*?TfcL a 

m 1 0 <7>^hgBtc. Big 1 0 AttUM! Yy>'JX9 3 iztt 

i-hmmm-&hy>i;?.?MLf4i)Wt>tiz>t so 
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fci>K. fl^ffl^-f y^MSHSfcJ:tX§fiCS5:W 
-T^^ttJLlHlS&2 1 St. mffl<7)*4 -/f-MSHR 
fcJ;tf§SCR^^-SM^aiL[B]S52 1 Rfc*^(t^> 
4t&. 

[002 1] 'Jtvh^tli, *)^-/YYyy=JX95 

-rffiffiFD*\ WMWiVDDlzV*-., hZtlh. Z 
O'J-fc-y hft. B*l Ofrtt&jinBimfrftZti. z 
<7)M^aJ?fl^aj^mBE*\ ^yf-MSHRSr^LT 
^SCRKSi.^iVC. IMffiVOUTRfcLT. 

^a* less 2 1 R*^a*ttj$iti.. 

[ 0 0 2 2 ] S 1 cogft&KBS 1 0*^ 

#^tUttiJ*«E*\ X-f -yf-MSHS^L-OSMC 
SfcSi&flT. ^HEVOUTSfcl/C. ^aiL 

0SS2 1 sa>£>s^tB£*i-&<, fi^-mjEvou 

TSfc^mEVOUTRfc^Tti^^it. -£<y>l£# J 

[0023] Lt*^t. 'J-b y rR$<0#B8»jEVOU 
T R*»^>S7fc^)fi^mEV OUT S^cO^^Tt'tt 
i)K im<F>\&hWit LXMnftZtlZZtlzZr). ft 
^•mEVOUTSt#HBSEVOUTRW±. tttCJf 
^h7y>-'X?3<y>Kft^EVt hj&^fl&tfXC. IE 
iftcoaj^«£EtLT{i. SffimBEVth^^i^v^W 

[0024] fcjtx. 2oco^aiLHJSS2 1 stay 

2 1 Rtffohtzlsb. -rOia<7)^7-b y l-tt£E#!3M(;:3: 

t>txfzlg&t®mCRlzWz_ t>titzH&t &mt^t 
fl^€fEVOUTSfc#BgmffiVOUTRfc*^L 
g&*ajL®l82 1 SBit/2 1 R 

£>*i*:«E*: WMC RizWt t>titiW± b L < X 
i>. fl^-fgfEVOUTSfc^^EvOUTRtd. h 

[0025] -eco^. mi2<r>M>fmm^x-\^ $ 

UT S t #HB«EVO UTRh<?)||*^|IL?l < i k K 

[0026] SfiCSfc^SCRfccoiat. 
h^yy'Xj'MSl, MCB, MS2*^^S@SS2 2 
£gJ£L. fcS^^SyT'T'. h^yy'X^MSl, M 
CB, MS2^5fytLT. ^MCSfc^fiCRfccT)^ 
^®^L. ^CSt^gCRfc^RmfiitLT. I« 

t # <o<i^mE vo u t s t #!?bj8EE v o u t r t com 

jj- 7 -fe y h mBE5r . ftTUS^3Kf^)fi^€flE V O U 
TSfc U-fe y M^<7)#^m£EVOUTRt<r)|IA^IIL 
9K. 

[0027] HJbfci . XiK 2 ^SttSffiS^p? 
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mm i o rt comm h ? yvx? 3 wmmw&v t 

1 S, 2 1 Ria£7)5}-7-b y h«EfcfI^?BS*l.T. HSe 
>*9- V J 4 X*U m V p p ggfcffiSSftS . 
[0 0 28] ZhtZ. $M3 nmmtXT<T¥£:& 

mm. mi 1%. m6 mi 3~i sh. i pu 

97-49 (1997^10U23B) fmcEt-HT 

tLxxsi2tii%%7)ttzm.z>zkiz£ix. B«r 10 
x. w&w-yjjxzwm-hzttf^tvt^ 
[0029] *K3(i. mtsaj^JiiaM'f^-^-fev 

ttfc^CMD (Charge Modulation 

Device: mm&m?) m&t ix. mssas 
fzi><?)x\ mmnizjjtfmsix'hzztimit. 

lZ?0iSl2tmmcr)!gMlz£Z>. 

[0030] -TZfr-h. $M3X'tt. £-f. 20 

m^m&wfcziEwcoiiijjnmt txm ia-tz t k 
£~?x. mmzt<?)tmbyyi;A?co%&.c?>8L>^ 
£*vywtt. 

[003 1] ZtHzMlX. Xit3Tii, mcES?*ajL 

*7-t ? hmfcm%tz4^<%h£oiz 
xizLx^z. gtmiz. ^-^-fe yhmcgco'i^^mos 
mmmmmi-f&tiihiz, t-m^mosess^s 
mtx-hhavyva^rm^ (-fe^) zmmix^ 30 
h. 

[0032] tvyvttrmt (-fen-) a<*«±. $m 

4 ^ELECTRONICS LETTERS, VO 
L. 24. NO. 25. DECEMBER 1988, 
PPl 560— 1 562 'CURRENT COP 1 E 
R CELLSj j IzmWlZigftZtLX^h. 
[ 0 0 3 3 ] 07 IZ. ^tSC 3 (0^ 1 4 1 (Cfi«£ 

I&rt-Sfuttfl'y hntrrislSS 2r^„ nvy 

v^rmmt. x<^tix\^hyy^x9mwm 

Zm^tz*uyV$7-®&£<mgl{kLtzi>cDt^z_ 40 
X£^\ Vyy^x^m^^m^tzAVyV^y-^ 

(out iot, A^ma t aj^«^(ii> f«>tI5: 0 . 
:*7*yh££C&„ 

[0 0 34] ifUcttLT. JM3lZ*2tvrzm7cr>* 

uyhavrmmi. — ?<3omos h^yy^MM^ 

ffllK Phase0i:Phasel(O2'?^'fSy/ 
t h#**y*/P3fiSi<0-C*>*. 50 
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[0035] ttfr-h. mimvyv-ivTmmi.. 

h5yy^?MM. ^SCfcit/X-f yf-SX, SY, 
SZ*»&&9. PhaseOTIi, Mrf-SX. SY 
tf^ylzZtl. X4 y^SZii^yiZ^tlX. Vyy-J 

h5y^X^MM»>-'-hm£Eii. A^J®EI OKJBt 
fc, h7V^'Xr?MM^afimBEVthW5«^Lv^ 

[0036lPhaseltll X>f 7fSX, SYA>' 

3T7(c^ix. .x-r ,l~sztf*ytz2lxx. byy'Jx 
?mmcofi>4 ytfn.ffizimzixh. zotZ. §S 
come. -t^-b*>hyy^x^MMcr,y-hmEit. 
±XicDW±vi l zffi$ZtiZ>cr>X'. byy'Jx^muam 
y,*&KWfc. -tw^awimssi Hi. A*mc£i Ofc 

[0037] ZOtiUyhaVTMS&X'lt. Yyy-Jx 

fmmzm^i'iz. — ocryvyy^x^umm^ 
x. zcommwKvthnmix&z. ®x\ 
m&vthzmm'thcDX'. ai^m^i ivx-nwBi 

I 0 iztsmiz-Wc L . ittf»jg<o# v y Y 5 5 -IhI8&#JB 

[0038] *LT. *iK3-C<i. 351 5HO03C 
rFPN«JEIaig8<7)lf|^j fc LT*$*U> X olz. Z\<r> 

x o v y v 3 tr@s&£f ijffl Lxmmftt&owssBi 
^■tiiimmmm-iz\bizx->x. mmz-tcom^y- 
yyzSx?cojm.(?>KL>^%£* J ry*:>i>LX . as^N- 

[0039] 

B*10<?)aj^«EVouttc. m^Y-yy^x93(r, 

ijnmvouti. zmtiZjjm^tLxmin-t® 
&iza. mm i o r t <otm h ? y^x ? 3 nmmws. 

VthOJf^>-o^*\ Zco&Zm&^-y JAXkts: 
hkki>\z. MOSh^y^'x^^affimEvthw* 

^ rtCOfcf 1 0 m V P P kULfc&S vl t fc#V^ 

fcA. a^/^-yy-fx*\ ®B®^'#^nsi-2 

mVppgJgmTtJt^T*^rOA#V\ lOmVpp 

[0040] Z.Mzft\JX. XM2lZinZtl. 06 
L*:BSf8iSfc i^^ttl L0»*^rt-i@«tS«BBT 
tJ:/t^ ±aLfcJ;3t. B»l OZ'tcomshyy 
i/X9 3 Wg3fim£EV t h c?M >-b;U$ 
iX. 2o^^tKLlHlS82 1 S. 2 1Riac7)^7-byh 

[0041] L^L=5r*^. i<OHfWifla^F-Wi. 
( 1 ) 'J -b -y h«cOB*ttJ^mEEco^tU Ls ( 2 ) * 
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SEV OUTRfc ixomn-iZ L . ( 3 ) gftf&oB* 

tB*mffi<7>g^a; u (4 ) *<7)m*ai LKwm&xn. 
m&tb u (5) gymm^w&vouTs tv-ty 
■y mEcomtaMm. ( i > ^m^xi^mEvo ut 

S fc V -b y h ^<7)#M^E V OUTRfc t,JS~7*L 

■yYn&zm^^m-. t^o^-y-y^z^x. 
tmmm l < jgsgt&s t fc t, u^mia 

[ 0 0 4 2 ] *iK3^§ix^iM^-f *-5*te 

ffi2tmmz, mmztcnmi&yyy : Jx9<r) , m.<n\f 
t>r>%*. m%^<rmp^\Mmzi.->x^^y^)v 
tx. mz.^?-yy4xz&m-z>fzx>. M^asL® 
mm l < t fc t tc. »ffrcB#ia#a>a»oT 

[0043] .r^HBii, ftic mEaj^ia 

i*w*mb h ^ yisx9<mms. z&t &t*E6q»6 

ti&Xolzlx. BfUr fc <7>iili h 7 y ^'x ? <7)@3fim 

fficr)if^,o^*^ *nmzm&*?-ys4xt%t> 

■f. B*cOiiJ^«ffi^, -5-cOi^aj^fi-^fcL-CJROtiJ 

■r^-ct. @£^-yy4X£;gL<ffl$«-s;rfc 
z t s fc fc t) c , h*sm*^ £ »mxm 

[0044] 

tmahyyisxrcny-h . y-xia^LTB^SB 

!5rS<7)Sm£Efc. -e^B*rt<7)±!eiMflih5y^ 
x^toy-b • v-zfflnmmn&tcolai:. y-fe-yh 

[0045] 

-jt, Vpdl=Vreset=Vref+Vthtf 
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mz-mifzti&. 

[0046] atseesaeg**-* fc . %m<r&t%M 

(TM&S Pd2li. ±fd^'J-fe:-/h^£EVreset 
gKlzXhWrnimAvmuh^tinKk LT. 
Vpd2 = Vr e se t+AV=Vre f +V t h + A 
Vfc/£6„ 

[0047] ^LT. S^ttt LB^CJl. .1 <0£3fc&?>§ 

5t^^mEv P d2*\ mmx-yy'Jxsoyf-v ■ V 
10 -XS2r^-LTB*^tM^!ti$fLSW. BS^tB 
^mffiV outll gTt^OS^omBEV P d 2*> 

th*>'HL?|*»iTJtmEfcL-C. Vout = V P d2- 
Vth=Vref+AVt«. Uc* J oT, BS^ttJ 

^mEEv out zcrmmtwmm vyy^x ?<r> 

[0048] zmmnMtfmmTizii^ 
xa. y -t x b « . B^rtcoiiig h 7 y fnmmm 
E£6tt t J±<rhWBP~ ^<mmn<^.%mzm&^ 

^ y-fe;i,$ . ^ti^ix<rm^)^nm& fc L 

T. -e^BSrtOJglBh^y^X^OSffimES:^^ 
[0049] ltitf->X. mmztcotmhyyisx? 
fc^r^-r. B^tiJ^ttE*. ^iiiHijm^ttX 

jRotB-r^t't. ®&*?-ys4xz%L<im? 

ZZttfX'Zh. 

[0050]^^:, ZCDXo (cB^fiOSi^mff £ 1 0*5 

30 tt^ajLr. *<o££aj;wt^fc-rsdfca ? T££tf) 

T\ B!^tBLlHlSS^l : t<IS#tc^^c:fc*^'§l. 
fcfcttc, ®««®IR^KS-C®l!rrs^fc^-C# 

I. 

[005 1] LjH>. S3^C±E«0'J-b>y h«E5rEp 
[0052] 

[%BHcOHi6<?)^M] 1111 ^^BB^a«cJ&M«? 

40 b^y>-'x^<7)g?^5r. m'mmaxux.^^-^y 
m&tLxmmiz^L. wmvyswt* . mm^ 

iz£r>x^Lt:h<r)X'hh. 

[0053] ZcommmmU. CMOSS^)i*iif 
^fc-fSfcfcttc. ^nm<?)B*l0Ji, g^l. 

f-y^h7y>-'x^4. fcJ;i/2oc7)y-fe-y hh^y^' 

X?7, 8^W-t&tOfcLJt^T'i>.S„ 
[0054]g^Ui. HTIi^h^^r-KfcL^ 

50 £*)mzmmi. mwj&%i£r&i > <7)X'&tiii* 
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v \ i <ry-mt . mjm&v p o cDAtM^-r 

[00 5 5] ^\y9Yyyi/X9 2\^ SiMy-bt 
ffltl><7>T\ #MXl&i^i!)K Ztitr&V&i&SMi. 

3?>y-Mc&i£U i^y^h^x'X^^y-h 
tC. v-v -y mmm^<f> shutter „ 
[0056] 4fc % ^h^yvX^Oy-Xt:. X 

b y y : jx ? 4 <r>v- v t: . s»as La wi#* row 

[0 0 57] §^>t. iJ* vbb7yy'X?7<7)Fl>4 

y*. mWib7y ; Jx9 3<DYV4yi,zw^L. y-fey 
hh^y^'x^cDy-xSr, Jiisb^y^^scoy 

iii|ih7y^x^3£oy-xt^L, yfeyhhtyy 

^'X^SOy-XtC. 0f^^«ET-i)S#S«EVr 
ef«U y-feyhl^yi< ; X?71oJ:lX8?>y- 

[ 0 0 5 8 ] * LT. BCli«*Lfc#. BS^fcfc 
WC. X^ •y^y^h^yi''X?4c9y-XfcMji¥£ii 
^LT. xj vl-y-rbyyitxfWV-xfrty. B 
» 1 0 coitJ^ttE v out^KO ai-t . 

[ 0 0 5 9 ] ±i£ L^B*ffljt<OBK*am*^±. 

(DSft&KOy-b-yK (2)S7ta51T^3t 

. (3) %%Mifrt>imb7yi;x?3'\<?> 
wmm. ( 4 ) mm i o *^«oas^sEv o u t c7>m 

[0 0 6 0] £-f\ y-fe>yM$tCtt. y * * hmwi^ 

<t> r e s e tfcitf>-v-y?$WfI^f<£ shutter 
SritK/KcLT. >J-^-/bhyy^X^7 , 8t5£V 

isw9Vyy i Jx9 2tty\,zL. wt*-\&Lw&mn 

0rowSrffiK;KcLT, X>f yf-y^h^y^'X? 

4ti^7t-rs. 

[006 1] ZCOtZ. SftS5l£*h^*-K?)fB 

^T^L, *:7{c£iU:x4 vT-yyvyyitxtAZ 

«BSL. ^-ytC?il3t^ y^b5y>''X5'2fcJ;lXy 
t7hh5yy'X^7, scobujy • y-X£SI8L 
T^-Tt. B*l 0<±H2 (A) <0^filHlS8«J;3fc^ 

[0062] 02 (A) iOW^^idt. 'J 
•fe y MS. ^€c£^6*^0#«ims£I r e f fr\ Ji!<g 

byy : Jx93<nYV4 y- y-xicgg*u 02 (a) 
■rii^LT/pL^y-fe-y h Yyyitxf&cnwiy 
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1 0 

y & m t x mmnrnz^ta-ri . 

[0 06 3] itctf^x. $mvyy : Jx?3e>y-v 

■ V-XfficrM&Vt htt % vmhyy i Jx?3<?>Yl' 
A y ■ v-x izfcixh fgfebm«?Mfc iref tWL< 

*£t t %<nn&mz%.& o . %3tu i co«ev P d i 

UU lMVresetttl.1:. 
Vpd l=Vr e set 

=Vr e f +Vt h - (2) 

tc££&. 

10 [0064] t%b*> , 1 (Cli, m^^SEET 

$>i.#«S^EVre f tiiigh^y^x^scoy-h • 

y-XOO^ffV t h t (OSliO^EV resets [) 
-fe y h*EEfc LTEPSn^^ittc^. 

[0 06 5] z<?)m&. ®mYyyi?x?3<7)Yu4y 

^€^216(^1: I r e f Izfclb t>tl. Z\tl 

(ci->T. m^byy'Jx^3cr>y-b - v-x^nm 

ffiVth*^ YV^y^l re f ZtSLtZioKWE: 

iz%.#>t>tihcox\ m«mbyy^x^3(oy-b • v- 

XffioMS. V t h t LXit. yMfc Iref Izlft 

[0066] Ltztf^X. ±IB«oy fey YmSY res 
e t 0f«<y)^mET*&^#fl§mEV r e f fcti(S h 

^y^X:?3Wr'-h • y-x^Httm£Evthfc«o 
ftt=Sry. mw,vyy i Jx93<DmmsN th*\ y 

fe y h^E V resets, --r&fc^ftaS 1 «ttE 
Vpd lfplZ&frZtl&XoiZZch* 

[0067] mz. %?t(wm) miziz, y -t y fmw 

m^4> reset, i^-v -y S>?m^4> shutter 
fciW*ajU&J$ffi^row£. -r^TfiU-^HC 
30 LT. y-fc-y YYyyVX?! , 8. ^7?h5yy 
X^2t>J:t^X-f v^yyvyy-sxtA*^ -f<x* 
7lz-t&. 

[0068] Lfztf^X . 'J fe y hf^. J9rS<7)g7L« 
/i(t^JSL3t^). S^g? 1 c^mffiV pd2ll 
Vpd2=Vr e s e t+AV 

=Vref+Vth + AV -(3) 

X'$kZtl& XolZ. ±fec7) y fe -/ YMEV reset 

tc. %ftiz£&nESzfc%AVtfmb^tzm&t%&. 

Ltztf^X .m&Yy y-JX9 3^B3tt«EV t hfcL 
40 S3Kf^OS*a51<7)«EVpd2+tci>ffiff$^«t3 
iz%h. 

[0 06 9] &(C. %%MlfrL>mt&Yyyi;x?3'\ 

nnmmmut. mwm^4> shutter 

ZfKW^WzLX. isw?\-yyi/X?2ttyl,z 

'J fey Ymm^4> reset i> it^^ffi LMSP 
ft#^row$:<S^;KcLT, Vt ybbyyi/X? 
7. s&kx/xj yy-yyvyy^x^AM^yiz-t 

[0070] tth-h . y fe v Nf^. HIrS^3^ta/i 
50 {tSSL^f^O. mfemffidV. ~>vv9hyyi;x 
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[007 1] *<n\k. >"r<y?hyyi?X?2i>*yliZ 
[00 7 2] mz. BSlOa^itiMBEVout?) 

mx-mimz^ mzt-ftLwrni^t r owfai/^ 

•y h$"JMt^0 r e s e tfc itf^-v -y 9Wm^<t> s 
hutter^fi^fcU. *)^vYYyy"Jx9 
7. S,&£Tfi/*r v9Y : yV~JX9 2.\±it->\,Z-$h. 
[0073] ^fcl. gftgSl^h^^-K^iS 
-fCSU :*7fc:$;hJt'J4r«y hh5yy^7, 82: 
*«&U ^yi,z^t\fz^v9Yyy'Jx9 2^x^-, 
^D5!^-e*U ^fcSflfcX'f •y^>?>5>'i''X 

^onwy- v-xzmmtxifctt. mmi on 

02(B) c^fBIIlSScOj; o SMC gJi. _Bi 

[0074] Jtfc'u y-hg-scgii. tgin 

X^O^'-h • V-X|g<9«S<7)«2rt>{;:. iilsh^y 

$r- ffi LTflSL tz tfOTS) £ . 
[0075] 02 (B) lOTtJ:3(:. Steffi US. § 

*&?>§ftaci<9«EVpd2a>\ igiit^y^x^ 

#hb»^I refll W&YyyUx? 3<r>Yl>4 y - 

V-Xlzm-. 02 (B) X'tem&LX^LtzXj -yf- 

y^h^^'x^coKWy • y-xtSHrt* &J] 
mffiV o u t #JR 9 ft £ix& 74 > £>I txmmfttiicr) 

[0 0 7 6] LfcA { -)t. B*l OcO{ti*«EVou t 
fc LT. 

Vout=Vpd2-Vth -(4) 

x-mti&idiz. m^hyy^x9 3cr>y-hm&v 

pd2H, tmhyyiSX?3cr>7-h ■ V-Xffl<?> 
[0077] <r<0i§£-<DlgH H7>yX^ 3<F>*f- Y ■ 

v-xfflcr>w±v t h t., m^Yyy : Jx9 3<nYVA 

VW&fi I r e f i: i "<0@Offi€ffi--£k9 . 3t 

(3) +OVthfc|gtfflt^. 

[00783 ^LT, t^h^y^'X^^y-hmEE 
Vpd2ll ^ ( 3 ) X'3kZtlh<r)X\ S(4)«Vp 
d2t*(3) fcttAtSfc, B*l OcOlU^fEffiVo 
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utll 

Vout=Vre f+Vth+AV-Vth 
=Vr e f +AV - (5) 

t%h. ?%fr*>. mmhyyisx?3<r)mmw±.vt 

[0079] zcox o izmmwB.v t h y-b/vr 
erisisstcfcfts. ®&ifo!>>*KffimEvth£fEisi 

10 U **>"fe;W411flBK BfStrtfcK9&/Wf*>OT' 
[0080] _h&Lfc0£M9KB£ iiUf , BS l ocoai 

^mjEvoutttr. ^H*ioi*i(7)iM(gh5y^ 

X? 3<y)STO®EEV t h tc^n&tf'&htlhV) 

x\ mmi ozit(r>mmhyy'jx^3<r>mm.m&vt 
hff)\ft>-i%t>K *nmzm£;*?~yyjxt%e> 
•r. BSiocoaj^EVoutj-. ^wi^aj^fi^ 
tLTKoaj-r^-ct. as^-yy-rx^ix 

[0081] £tz. ^XoizmmiOcoOi^VKVo 

utzimtnimfr&Lx. zcoitibjjm^ti-hz 
ttfx'*&<?)x\ mx-ftL®®£mi<mmzm&i-z> 
c\t&?*&tti>tz. ®mmm?znmxwm-z> 

ZtffX-ZZ. 

[0082] L*>t, ^-OfcfeWU-fe-y MII55t. -fit 

ftoit l orttdi 2o<7)»j -t y h b 7 y i^'X^ 7 . 
8 *»»t 4 tztrc x < . ®#*^^t»s^4 i t *»* 

30 10083] zmz. ±MUzc mo smcnfflbm&m 
Tvm&xhz, mmmij. ^xh. yy 

^AT^-bXpJ^ v-^ y^^"I^fc^dfli*$:, * 

[0084] 03«. ±MLtzmimm<7)®Mmm? 

aL^a*«^B»10«. Saar|6jtcmff{c«0. 

n^lJtiKS Jt 3 fc. V h U >y ?Xtt««8L 

40 [0085] 03 ££{£04 l,Zfjk-f& o (C. #B* 1 0 
CDS3tSPl«0-ffil±. Bt«m<aVpo*^x.^45'f 

y i k Witf««i7^ ytc«^L. #B^ i o<7)^^ 

•y^h5yv*X^2c7)^-h(i. tTrfctftiitC. 

■y ^Sll!ffi^0 shutterl shut term 

*^$*t4^-y^sijffl7^ y\ 2izmmi. #b* 

10cO'J-b-y hh7yx'X^7fcJ;l^8^y-Hi. ft 
rirtC^jlt. 'J-fc y resetl^r 
e s e t mimteZtli U -b y > 1 3 IC®^ 

#BS1 O^x-f •yf-y^h7y> ; x^4coy-h 



1 3 

r o vrmimteZtimX-ib LVM?* > 1 5tClg|£ 
13, 155rSS?©Jfflli-S. 

[0 0 86] £tz. #B^1 OO'J-fe y hh^yv'X? 
8tf>y-*tt. m^blZ^miZ. #B3«ffiVre f 3&<flt 

fe§*i*5>f vi4ws«u s-BsSti o^iaiih^y 

jgt6£$l§U £BSi 00*4 -/^y^h^y^x^ 
4oy-xfct jnirttcftjlC di^mEVout i~ 
Voutn$rJR')tiJ-raj^7'fyl6{;^L. 
^•y-HHSlSCioT. tt5^5-fyi 6£311RLt\ 

aj^mffvout i-voutn£K9aj-r„ tk-tx^ 

A-^-lslfiH 8*^BX0a5$^/caj*HEVo u 1 1 ~V 

[0087] ^mmm<nm^mm^z xtm . s 
5£sircu ^x^^isis&istioTatt^y 

1 6£SiRtS<rfc£J:-?-C. J5rScD7FU'X<9B3&0 

ixjjnmzftmzw. 9 ait-- 1 #r # s . 
[ 0 0 8 8 ] ±j& Ltzmffi&ma. c m o swcomiti& 
mm^n^&X'hh-hK z\v>wm. c Mosaicism 

[0089] £tz. CKDl&BJfcL -eti-m^Bsstfifc*! 

«oaj^mEfc lt . -e^asrt^s h ? >vx ?<r> 

>S4Xt%t>%^£oiZTtZ>Zt1>mtfi)X'h&<r>X\ 

zwztwcoxmwmffimiz-t&ttuz. -imizmt 
xwmnmzjM 2 iz^zti&x 0 %m&iti Lws&t' 
&mfx . $ t> izt,m%.<r>\tijimnm& x 3 1 lt *> 

[0090] 

x. wmztcomaabyyi'xrcDmmwKotth^ 
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s^-y y 4 x*m t < i&m&z t ifx-% & . 
[ 0 0 9 1 3 1 tz. z <nx 0 izmmnmjin&z 1 in*: 

\m* l &LX. *<7)&£ftjjm*Ttt&ZtWX'$hcr) 

x\ mfrfti®&zmL<m-iztt&t&c:t#x'$?> 
ttuz. mmmm^nrnx-mm z t #-e§ 

[009 2 3 L«>{>. -e^Ttftt. -e^-ffl^B^rtt 

10 istts 'j -t y h @g&*> . 'm.cm^z x ^xis&fr-y® 
%\,zmL~?hz\ttfX'*h. 
[0093]$ t>tz. wE.tnjic?)mim<r)mmm.m? 

?vm*mt^om&i. zcottim-t&zttfxz 
&tki>iz. cMosm^m^mmm^ki-h^iz 
hl cMosm.<omfo$mm?<r>tmx-b&. mmm 

[0ffi^fS*^UiHJ]] 
20 [01] icoUBBcoaW^^cO-Htt^^B^fil 
i££*t0TJ5&. 

[0 2 ] i cominmtmsimTtry-mmm?) 0 * 
ma xv m*-& Lmwwm<mm®m*?wx't> 
h. 

[03 3 zcomicr>®#imm?<o~mmB<r)mmt3 
xxmmmm.cr>mmm®£*-t®x'hz,. 
[043 z<r>micomfmm?<^mmm<o£im 
&^-fmxhh. 

[05 3 X® 1 C*S*i*WSMja£**HTft*. 
30 [06 3 *SK2(c^$ii/iB*ffigfc it^^aj LESS 
^^0T'J>S„ 

[07 3 i) v> v a ^rmm^mz^mxhh . 

[^^HfJi 

1 

2 i/\*>9V7>i;x9 

3 Ji^h^y^'x^ 

4 x-f -/^rvyy=yv\/x9 
6 g«gs« 

7, 8 Vb7>isX9 
40 10 B* 
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